Objective: To characterize the epidemiology of injuries in posthigh school male and female athletes in the rapidly growing international sport of contact flag football.
INTRODUCTION
American flag football (AFF) is a version of American football that has become very popular worldwide and is now played in the United States, Canada, Mexico, several leading European countries, Korea, Dubai, and Israel. The sport has a strong amateur following and hosts several national and international competitions. The basic rules of the game are similar to those of the mainstream football game (often called "tackle football" for contrast), but instead of tackling players to the ground, the defensive team must remove a flag or flag belt from the ball carrier ("deflagging") to end a down. 1 Primarily because there is no dominant sanctioning organization for the sport, the game has evolved into many variations and may also be divided into "contact" or "noncontact," depending on whether or not blocking is allowed. 2 The AFF league in Israel (AFI) was established 21 years ago in Jerusalem and has rapidly expanded to a national league consisting of more than 90 teams (with more than 1000 players), including a men's, women's, high school, and mixed league. The annual season runs from October to February. Most teams play 1 game per week, and all games are equal in length (60 minutes). The teams have a few practice sessions before the commencement of the playing season and usually do not practice during the season itself.
The aim of this study was 2-fold: (1) to characterize the epidemiology of injuries in post-high school male and female athletes, and (2) to recommend ideas for a future, prospective injury prevention study.
METHODS
Study participants included white post-high school male and female American and Canadian precollege students who had registered to play in the AFI league over the 2007 to 2009 seasons. Their demographic data are displayed in Table 1 . All participants were studying in religious study academies in Israel, were all of similar age and socioeconomic backgrounds (similar levels of education and little ethnic diversity), and played the same number of games during the flag football season.
The attending paramedics, who had completed a full paramedic's course through the Magen David Adom organization in Israel, conducted a quick off-the-field assessment after each injury. The appropriate first aid was then administered. All time-loss injuries were recorded on the standard league injury form by the on-duty paramedics. Injured players were either referred to their local physician or sent to the emergency unit of the local hospital. As there were no paramedics at the practice sessions, no exposure was collected.
For the purposes of this study, only time-loss injuries were counted as injuries. A time-loss injury was defined as an injury that resulted in a player being unable to return to future training or the current game. The term "future" referred to any time after the onset of injury, including the day of injury. 3 The forms were collected manually by the principal author (Y.K.). A telephonic, in-depth injury surveillance questionnaire was then conducted by the same author (Y.K.) and was administered within a day or 2 after the injury (Figure 1 ). The injury assessment questionnaire was based on the internationally accepted consensus injury surveillance questionnaire recommendations of Fuller 3 and was designed more specifically for AFF. Physicians were requested to provide a specific written diagnosis or to use a sport-specific injury coding system, such as the Orchard system. 4 This was done to reduce the possible risk of injury misclassification. It was not possible to collect any preseason baseline measures because the player registration process was done via the AFI Web site, to which the authors had no access. During the signing of the study consent forms, the authors did, however, have the cohort fill in a short questionnaire related to previous ankle sprains. This was done to determine whether previous ankle sprain would prove to be a risk factor for recurrent injury.
The ethics committee of the Meir Hospital, Kfar Saba, Israel, gave ethics approval for the study, and all players were requested to sign a consent form before participation. During the 2007 to 2009 playing seasons, data were collected, statistically analysed, results discussed, and appropriate conclusions were drawn.
Statistical Analysis
To compare the differences between the injured and noninjured, as well as the male and female players, the t test for equality of variances was used. For the purposes of cross tabulation, the Pearson x 2 test was used to determine whether there was a statistically significant correlation between the variables tested ( Figures 3-5 ). Statistical analysis was undertaken via the use of SPSS predictive analytics software package (version 18.0; SPSS Inc, Chicago, Illinois). The P-value of statistical significance was 5% or less.
RESULTS
A total of 1412 players (94%) agreed to participate in the study. Nine athletes refused to participate. The remaining 71 players, although registered to play, were unable to be contacted either because their contact details were incorrect or they had changed their minds and had decided not to play in the league. The cohort's demographic and injury result data are displayed in Tables 1 and 2. Males and females exhibited a statistically significant difference with respect to weight and height (P , 0.001). There was no statistically significant difference between the injured players and a random sample of uninjured players with respect to age, height, weight, level of play, gender, number of games played, and previous ankle injury (P , 0.05). The injury risk for females was nearly 3-fold that of the males (0.14 vs 0.39). There were a total of 159 players injured, of which 8 were lost to follow-up.
Eighty-eight percent of the injuries occurred in 5 anatomical regions ( Figure 2 ). The remaining 12% ("other" in the body part list) included the ribs, neck, lower back, lower arm, pelvis, hip, thigh, foot, and groin area. Eighty-seven percent of the injuries were extrinsic in nature (environmental), 5 whereas 13% were intrinsic (personal). 5 For the purposes of this study, an intrinsic injury was defined as any injury that excluded contact with another player, object, or the ground. Of the extrinsic injuries, 11% were due to fingers being caught in the belt/pocket or flag of the opposing player's pants. Fifty percent were due to contact with another player, 18% due to contact with the ground, and 8% due to contact with an object (Figure 3 ). The term "other" in the injury type list referred to other pathologies, including muscle strain/rupture, tendonopathy, bursitis, and meniscal tear. There was a highly significant correlation between injury type versus injury mechanism (Figure 3) (P , 0.001). There was a highly significant correlation observed between body part versus injury mechanism ( Figure 4 ) (P , 0.001).
The majority of shoulder injuries were caused by the player being knocked into or by another player (Figure 4 ). More than half of the pathologies were dislocations ( Figure 5 ). One-third of the knee injuries involved the knee ligaments, of which 83% were extrinsic in nature, and 50% were contusions and hematomas ( Figure 5 ). There was a highly significant correlation between body part versus injury type ( Figure 5 ) (P , 0.001).
Player position injuries were distributed as follows: 31% involved the defensive linemen, 24% the receiver, 15% the quarterback (QB), 21% the offensive line (tight end and center positions), 7% the cornerback, and 2% the safety position. There was no significant correlation between injured body part versus field position nor between injury type versus field position. A low correlation was observed between injury mechanism versus field position (P = 0.05). Sixty-six percent of the injuries reported were either described as moderate (8-28 days before returning to playing) or severe (.28 days before returning to playing). 3 
DISCUSSION
This is the first prospective study evaluating the epidemiology of both male and female sport injuries in AFF. The published literature regarding flag football was found to be very limited, despite the sport's growing popularity in so many countries. There have been no published studies that presented specific flag football mishap or injury prevention programs. There were, however, 2 published articles related to injuries in flag football and both were epidemiological studies. 6, 7 The first was a prospective observational study of female flag football injuries, in which there were 114 reported injuries. 6 Thirty-nine percent occurred in 3 anatomical regions: 15% the fingers/wrist, 16% the knee, and 8% the ankle. Collisions with other players and objects resulted in 64% of these injuries. Offensive ball handlers (running backs and receivers) had the greatest probability of being injured. The authors did not make any recommendations for the prevention of injuries. Although some of the injury statistics were similar to the authors' observational study, the study results may not necessarily be representative of AFF, as female flag football is known to be less aggressive than the male version. 8 An additional difference between male and female leagues is that blocking is not permitted in the latter, which significantly reduces player-player contact, and, therefore, may have a significant impact on the epidemiology of the injuries. This was not apparent in the current study, where the injury risk for females was nearly 3-fold that of the males. When analyzing specific anatomical areas involved in injuries, 26% of the female injuries were associated with the knee area, as compared with 7.6% in the men. Women's participation in intercollegiate athletics has increased dramatically in recent years. Greater participation has increased awareness of health and medical issues specific to the female athlete. Some reports have noted a higher susceptibility to knee injury, specifically injuries to the anterior cruciate ligament, in female athletes as compared with their male counterparts. 9 The second and most recent article was a retrospective, descriptive report consisting of data derived from safety reports obtained from the United States Air Force Ground Safety Automated System. The authors suggested strategies to prevent possible injuries for some of the 8 mechanisms of injury identified in their manuscript. The criterion used to define an injury was based on 1 lost workday, as opposed to the more widely accepted criterion, which was the inability to continue to play for at least 1 game. 3 Nonetheless, some of their data (anatomical regions injured and percentage of injuries related to contact with another player and/or the ground) were very similar to the results of the authors' observational cohort.
The incidence rate in the present observational cohort was significantly lower than in other high-contact sports. In high school basketball, for example, the injury rate has been reported to be 1.94 per 1000 athletic exposures (AEs), 10 whereas it was found to be 2.39 per 1000 AEs in high school soccer. 11 This may be explained by the fact that AFF is a nontackle sport, with less contact between players than in other sports. As the game of AFF involves "deflagging" and blocking is permitted with the hands, the anatomical distribution of injuries is very different from other upper limb, ball-playing sports. In the present study, the hand and wrist comprised 30% of the injuries, while 13% were ankle injuries. In basketball, for example, arm/hand injuries comprised only 9% of the injuries, while ankle/foot injuries comprised 40% of reported injuries. 10 Despite the fact that most of the injuries (81%) resulted from direct contact with the ground, with another player, or with an object, very few players (19%) used any form of protective equipment. This was especially apparent regarding injuries to the wrist and hand. Although more than one-third of all the injuries involved the wrist and hand, only 2 players (0.07%) had taken measures related to injury prevention in this anatomical location, and both only postinjury.
Nearly 40% of all hand/finger injuries (which made up 30% of all total injuries) were a direct result of fingers being caught in the opposing player's pants pockets. This information was extracted directly from the detailed injury questionnaire. Most players in this study wore pants with pockets, even though this violated International Flag Football Rules. 2 The authors therefore recommend, as do both previously cited studies in this article, 6,7 that coaches, team captains, referees, and management of AFF take a more active and aggressive role in enforcing the no-pocket rule.
Seventy-four percent of the head/face injuries were contusion-type injuries. Recent investigations have suggested that a protective, but not preventive, effect may be afforded by mouth guard use in rugby players and customized mandibular orthotic use in football players. 12 Mouth guards, in particular, have been shown to prevent oral and tongue injuries and may reduce the severity of concussions. 13, 14 Very few players in the study cohort used them, despite the fact that their usage is recommended according to International Flag Football Rules. 2 It is imperative that coaches, team captains, referees, and management of AFF take a greater role in ensuring that all players use an intraoral mouthpiece of a visible colour. 2 It has been suggested that the use of headgear in soccer players may reduce the incidence of concussions. 14 After discussion with coaches and players in the AFI, it became evident that the use of headgear in flag football would more than likely be unsuccessful, despite its potential for reducing head injuries. Their view is that flag football is a nontackle sport and therefore players choose this sport to avoid wearing protective headgear.
There is some debate in the literature as to whether knee braces play a significant role in preventing knee injuries. Research is limited on the use of knee braces (prophylactic and functional) to potentially prevent knee ligament injury in the noninjured population. One possible explanation for the limited research could be that the use of these devices has raised concerns of decreased or impaired athletic performance. 15 They have not proven to be effective in reducing the number and severity of knee injuries. 16, 17 Neuromuscular preventative programs have been shown to reduce the incidence of noncontact knee injuries. [18] [19] [20] [21] In this study, 76% of the knee injuries were as a result of direct contact with the ground or with another player (Figure 4 ). Neuromuscular preventative programs have yet to be investigated in reducing injury risk in contact-type sports.
Thirteen percent of all the injuries in the study cohort were to the ankle. Ninety-five percent of them were ligamentous in nature and 5% of them were fractures ( Figure 5 ). In this study cohort, a previous sprain did not prove to be a confounder/risk factor. This result does not comply with previous findings in other sports. 22 However, players were asked about previous sprains not only limited to AFF, and therefore these sprains could have resulted from other activities not necessarily related to flag football. Ankle braces have proven to be successful in significantly reducing ankle injuries in sport, primarily in those players with recurrent sprains. [23] [24] [25] Very few players in the study cohort used them. All AFF players, and especially those with recurrent sprains, may consider the use of ankle braces to reduce the incidence of ankle sprains.
As reported previously, most of the shoulder injuries were a result of player-player contact. A recent study reported very similar percentages to the present investigation. 26 The authors concluded that although dislocation/separation injuries represent a relatively small proportion of all injuries sustained by high school student-athletes, the severity of these injuries indicates a need for enhanced injury prevention efforts. Other than changing game rules to reduce the incidence of player-player contact, previous attempts to reduce the impact of shoulder injuries by the use of pads have proven unsuccessful. The pads appear to "bottom out" under higherimpact loads and therefore offer little protection when the athlete may need it most. 27 Four (2.6%) of the observed injuries were concussions. Traditionally, on-field signs and symptoms included confusion, loss of consciousness, posttraumatic amnesia, retrograde amnesia, imbalance, dizziness, visual problems, personality changes, fatigue, sensitivity to light/noise, numbness, and vomiting. 28 In this study, any of these symptoms that prevented the player from returning to the same game were defined as a concussion.
The highest prevalence of injuries involved players at the positions of the defensive line (26%) and wide receiver (30%). This may be due to the fact that these positions involve a higher level of physical contact than others. The objective of the defensive lineman position is to reach the QB as quickly as possible to prevent or to obstruct a pass. The wide receiver's objective is to get past the defensive cornerback to be open to receive a pass. The cornerback is allowed to push the wide receiver only within the first 4.5 m past the line of scrimmage. This puts the wide receiver on the receiving end of physical contact.
Although AFF is a nontackle, rather contact, sport, certain types of blocking are allowed. Although blocking to the back or face or holding is prohibited, blocking to the body and to the hands is permissible. 2 The high number of moderate-type to severe-type injuries, and their high injury incidence rate, reflects the high degree of physical contact in this allegedly "nontackle," yet contact, sport.
Limitations of the study included the possibility of underreporting of injuries. This may have occurred due to players being injured toward the end of a game and therefore deciding not to report the injury. Additionally, many failed to report their injuries for personal reasons, and some refused to comply with the questionnaire. Over the weeks before the playing season, the 144 teams practiced in many different locations and set their own time schedules. It was therefore decided by the AFI league management not to have paramedics attend the practice sessions. It has been well established that there are fewer injuries during practice versus match sessions. 29, 30 The authors felt that although this may have lead to underreporting of injuries, it would not have significantly influenced the injury incidence rates.
The study included a specific age population (precollege male and female students) and therefore the possibility exists that the injury rate may be higher in a younger or in an older athletic population. Although a telephonic in-depth questionnaire was conducted by the same author within a day or 2 after the injury, there were cases where the player's condition necessitated a follow-up medical investigation, and therefore a final diagnosis was only made 7 to 14 days postinjury. Although the authors felt that this period was short enough that players would not suffer from recall bias, the possibility still existed.
CONCLUSIONS
Contact flag football results in a significant amount of moderate to severe injuries. The high incidence of injuries to the hand, head, and face differentiate injuries in contact flag football from other contact sports. Areas of future study may include the development of a formal AFF injury database and the implementation of a high-quality, randomized injury prevention program. This program should include enforcing the no-pocket rule, wearing appropriate headgear, using selffitting mouth guards, wearing comfortable ankle braces, and investigating changing the blocking rules of the game.
